IV. CONCLUSIONS
The finite-element method for cylindrical polaigeometries has been developed and applied to circular and sector waveguidesto establish rates of convergence and absolute errors in cross sections with .and without singular points. The mode structure of the double-ridged waveguide has been established for various symmetries and it is concluded that the waveguide has the advantages over the circular waveguide of 1) reduced cutoff frequency and wave impedance and 2) increased bandwidth.
The most general type of waveguide in polar geometry directly solvable by this method has spiral boundaries.
Examples of these have been given and particular cases studied. It is clear that 
The reflected pulses from each node then become incident pulses on neighboring nodes and the process is repeated on an iterative basis. Each iteration corresponds to a unit of time which is the time required for pulses to travel from one node to its neighbor.
In the new matrix proposed, an additional length of line or stub is introduced to the mesh as shown in Fig 
where c is the free space velocity of waves. Thus the velocity of waves on the matrix is now made variable simply by altering the value of the single constant Yo.
As the frequency increases, the fact that the stub is a 
_-
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DIELECTRIC BOUNDARY CONDITIONS
In the example of the previous section, the E field in the waveguide is equivalent to the voltage on the transmission-line matrix. The variable capacitance available on the matrix serves to provide a variable permittivity in the waveguide. The matrix therefore not only provides the correct velocity conditions for a dielectric but also gives the correct boundary conditions at the air-dielectric interface.
Sometimes
it is necessary to make an H field in the waveguide equivalent to the voltage on the transmissionline matrix and in this case the variable capacitance is equivalent to a variable permeability y in the guide. Therefore, for a dielectric-loaded waveguide, the velocity of waves in the dielectric will still be correct, but the wave impedance will not. The intrinsic impedance of the waves on a matrix within a dielectric medium is a relative quantit y and it is only at the boundary between two media that any correction is necessary. The correction may be achieved by introducing boundary transmission and reflection coefficients similar to those used in random walk At cutoff, the waves propagate transversely and the problem can now be solved in the waveguide cross section.
Strictly, the problem is one dimensional and the height of the guide in the y direction is arbitrary. Fig. 4 shows the guide cross section in the x-y plane and this time the H, field in the guide is equivalent to the voltage on the matrix. Since the capacitance is now equivalent to permeability, the intrinsic impedance of the waves in the slab is~. The intrinsic impedance, however, is required to be l/~. Correcting reflection and transmission coefficients on the matrix are therefore introduced according to (9) with r = 1/2.45. Fig. 7 shows frequency runs for the impedance, in magnitude and phase, looking into a dielectric loaded guide which is terminated in a discontinuity to free space impedance.
Since the transmission-line matrix method is impulsive, all the points used to produce each of these curves were obtained from single sets of iterations of the matrix.
DISCUSSION AND CONCLUSION
The transmission-line matrix method provides a means of obtaining the output impulse function at an observation point in a two-dimensional space in which wave propagation is taking place. This is achieved in the com- IEEE  TRANSACTIONS  ON MICROWAVE  THEORY  AND  TECHNIQUES,   MARCH1974 40 For example, the impulse function for a closed structure (Fig. 5 , for example) contains not only the resonant periodicit y of the dominant mode but also the resonant periodicities for all higher order modes which are excited by the impulsive source. Similarly, for the impedance calculations of Fig. 7 , the entire curves, both for magnitude and phase, are contained in a single impulse function. 
